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(54) Spindle nrK>tor 



(57) A spindle motor comprises a double row bear- 
ing device (4) including a shaft (5), a sleeve (9) sur- 
rounding the shaft (5), and a pair of upper and lower 
rows of balls (12a.12b). A cylindrical bearing holder (2) 
extends upwardly from a base (1) of the spindle motor 
for accommodating the sleeve (9) within a vertical bore 
(3) of the holder (2), and a rotor hub (6) is mounted on 
the shaft (5) for joumaltng the rotor hub (6) rotably on 
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the base (1). A reduced inner diameter portion (3a) of 
an inner diameter smaller than the outer diameter of the 
sleeve (9) is formed on the inner surface of the bore (3) 
of the bearing holder (2) between the upper and lower 
larger inner diameter portions to urge the sleeve (9) in- 
wardly by the reduced inner diameter portion (3a) to de- 
fomi it elastically to fomi a squeezed portion (9a) pro- 
truding inwardly of the sleeve (9) between the upper and 
lower rows of balls (12a,12b). 



FIG. 1 
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Description 

[0001] The present invention relates to a spindle mo- 
tor preferable as a rotational driving device for office au- 
tomation equipments Wke computers and peripheral de- s 
vices for computers. 

[0002] As shown in Fig. 1 1 . the prior art spindle motor 
used for driving magnetic disc or discs of a hard disc 
drive device or peripheral devices for computers in- 
cludes a bearing device 43 accommodated within a cy- io 
lindrical bearing holder 42 extending upwardly from a 
base 41 , a shaft 44 to which a rotor hub 45 is secured. 
The bearing device 43 includes a pair of upper and lower 
ball bearings 46, 47. These bearings include inner rings 
46a, 47a attached to the shaft 44, and outer rings 46b, is 
47b fit within a sleeve 48. The sleeve 48 is fit and se- 
cured to the bearing holder 42. An appropriate pre-load 
Is applied on the Inner ring 47a of the lower bait bearing 
47 from below. The inner ring 47a is fixedly secured to 
the shaft 44 under the condition that the balls 49a, 49b 20 
are kept In contact with the Inner and outer rings with 
reasonable pressure. 

[0003] The reference numeral 50 Indicates a spacer 
interposed between the upper and lower outer rings 
46b, 47b. 25 
[0004] Upon rising the temperature through the oper- 
ation of the motor, the components of the motor expand 
Into different dimensions. In the case of the ball bearings 
46, 47. the order of the amount of expansion In the dia- 
metrical direction is; 30 

the outer ring > the inner ring > balls. 
[0005] In other words, the spacing between inner and 
outer rings increased upon rising the temperature of the 
motor Is larger than the amount of expansion of the bails 
so that the pressure applied by the inner and outer rings 35 
on the balls I.e. the pre-load is reduced. This causes the 
natural frequency upon rotating of the motor to vary, and 
in some cases the resonance with the other components 
of the equipment In which the motor is incorporated, 
[0006] When the spindle motor of the prior art of the ^0 
above described structure is used as a drive means for 
the hard disc drive device, sometimes the accuracy of 
writing or reading out the data is deteriorated by the vi- 
bration of the drive device caused by the resonance with 
the other component such as a swing arm or a casing. 45 
There Is also a possibility for generating noises caused 
by the vibration, and reducing the quietness of the drive 
device. 

[0007] Provided that the difference of the amount of 
the expansion of the inner and outer rings Is Increased so 
further, a clearance is defined between the balls and the 
inner and outer rings, and the rotational run out of the 
rotor hub and the run out of the surface of the magnetic 
disc or discs are generated. This will deteriorate the re- 
liability of the hard disc drive device. ss 
[0008] Although the balls are usually fomied of steel 
material, ceramic material may also be used for enhanc- 
ing the durability thereof. In such a case, the above men- 



tioned problem caused by the difference of the amount 
of thenmal expansion between components will become 
more serious, since the amount of thermal expansion of 
theceramic materia! is further lower than that of the steel 
material. 

[0009] Accordingly an object of the present invention 
is to provide a spindle motor wherein the Inner and outer 
rings are in constant contact with the balls by applying 
appropriate pre-load thereto even If the components of 
the motor expand by rising the temperature of the motor. 
The purpose of the present invention is to provide a spin- 
dle motor of high rotattonai accuracy wherein the varia- 
tion of the resonant frequency or the rotational run out 
caused by the variation of the temperature are reduced. 
[001 0] A spindle motor In accordance with the first as- 
pect of the present invention comprises; 

a double row bearing device including a shaft, a 
sleeve surrounding the shaft, and a pair of upper 
and lower rows of balls, 

a cylindrical bearing holder extending upwardly 
from a base of the spindle motor for accommodating 
the sleeve within a vertical bore of the holder and 
a rotor hub mounted on the shaft for journaling the 
rotor hub rotatably on the base, the spindle motor 
is characterized in that 

a reduced inner diameter portion of an inner diam- 
eter smaller than the outer diameter of the sleeve 
is formed on the inner surface of the bore of the 
bearing holder between the upper and lower larger 
Inner diameter portions to urge the sleeve inwardly 
by the reduced inner diameter portion to deforni it 
elastically to fonn a squeezed portion protruding in- 
wardly of the sleeve between the upper and lower 
rows of balls. 

[001 1 ] A spindle motor In accordance with the second 
aspect of the present Invention comprises; 

a double row bearing device including a shaft, a 
sleeve surrounding the shaft, and a pair of upper 
and lower rows of ball bearings interposed between 
the shaft and the sleeve, each ball bearing has an 
inner ring and an outer ring and balls interposed 
therebetween, 

a cylindrical bearing holder extending upwardly 
from a base of the spindle motor for accommodating 
the sleeve of the double row bearing device within 
a vertical bore of the holder, and 
a rotor hub mounted on the shaft for journaling the 
rotor hub rotatably on the base, the spindle motor 
is characterized In that 

a reduced inner diameter portion of an inner diam- 
eter smaller than the outer diameter of the sleeve 
is formed on the inner surface of the bore of the 
bearing holder between the upper and lower larger 
inner diameter portions to urge the sleeve inwardly 
by the reduced inner diameter portion to defonm it 
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elastically to form a squeezed portion protruding in- 
wardly of the sleeve between the upper and tower 
outer rings. 

[0012] A spindle motor in accordance with the third 5 
aspect of the present invention comprises; 

a stepped shaft having a larger diameter shaft por- 
tion and a reduced diameter shaft portion, 
a compound bearing device Including; io 
a sleeve surrounding the stepped shaft and includ- 
ing a pair of upper and lower parallel outer raceways 
or grooves, 

balls of the upper row disposed between an inner 
raceway or groove fomied directly on the outer pe- '5 
riphery of the larger diameter shaft portion of the 
stepped shaft and the upper row of outer raceway 
formed on the inner peripheral surface of the 
sleeve, and 

balls of the lower row disposed between an Inner 20 
raceway formed on an Inner ring fit around the re- 
duced diameter shaft portion of the stepped shaft 
and the lower row of outer raceway formed on the 
inner peripheral surface of the sleeve, 
a cylindrical bearing holder extending upwardly 25 
from a base of the spindle motor for accommodating 
the sleeve of the compound bearing device within 
a vertical bore of the holder, and 
a rotor hub mounted on the larger diameter shaft 
portion of the shaft for journaling the rotor hub ro- so 
tatably on the base, the spindle motor is character- 
ized in that 

a reduced inner diameter portion of an inner diam- 
eter smaller than the outer diameter of the sleeve 
is fonned on the inner surface of the bore of the 35 
bearing holder between the upper and lower larger 
inner diameter portions to urge the sleeve inwardly 
by the reduced inner diameter portion to deform it 
elastically to fonn a squeezed portion protruding in- 
wardly of the sleeve between the upper and lower 40 
outer raceways. 

[001 3] A spindle motor in accordance with the fourth 
aspect of the present Invention comprises; 

a spindle motor comprising ^ 

a double row bearing device including a shaft, a 
sleeve surnDunding the shaft, and a pair of upper 
and lower rows of balls, 

a cylindrical bearing holder extending upwardly so 
from a base of the spindle motor for accommodating 
the sleeve within a vertical bore of the holder, and 
a rotor hub mounted on the shaft for journaling the 
rotor hub rotatably on the base, the spindle motor 
is characterized in that ss 
an outer per^heral groove formed on the sleeve, 
and 

a squeezing ring having an inner diameter smaller 
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than the outer diameter of the outer peripheral 
groove, wherein 

the squeezing ring is fit over the outer peripheral 
groove to elastfcally defomn the sleeve inwardly to 
fonn a squeezed portion protruding inwardly be- 
tween the upper and lower row of balls. 

[0014] A spindle motor in accordance with the fifth as- 
pect of the present invention comprises; 
a spindle motor comprising 

a double row bearing device including a shaft, a 
sleeve surrounding the shaft, and a pair of upper 
and lower rows of ball bearings Interposed between 
the shaft and the sleeve, each ball bearing has an 
inner ring and outer ring and balls Interposed ther- 
ebetween, 

a cylindrical bearing holder extending upwardly 
from a base of the spind le motor for accommodating 
the sleeve of the double row bearing device within 
a vertical bore of the holder, and 
a rotor hub mounted on the shaft for journaling the 
rotor hub rotatably on the base, the spindle motor 
is characterized In that 

an outer peripheral groove formed on the sleeve, 
and 

a squeezing ring having an inner diameter smaller 
than the outer diameter of the outer peripheral 
groove, wherein 

the squeezing ring is fit over the outer peripheral 
groove to elastically deform the sleeve inwardly to 
form a squeezed portion protruding inwardly be- 
tween the upper and lower row of outer rings. 

[0015] A spindle motor in accordance with the sixth 
aspect of the present invention comprises: 
a spindle motor comprising 

a stepped shaft Including a larger diameter shaft 
portion and a reduced diameter shaft portion, 
a compound bearing device including, 
a sleeve surrounding the stepped shaft and includ- 
ing a pair of upper and lower parallel outer raceways 
or grooves. 

balls of the upper row disposed between an inner 
raceway or groove formed directly on the outer pe- 
riphery of the larger diameter shaft portion of the 
stepped shaft and the upper row of outer raceway 
fonned on the inner peripheral surface of the 
sleeve, and 

balls of the lower row disposed between an inner 
raceway formed on an inner ring fit around the re- 
duced diameter shaft portion of the stepped shaft 
and the lower row of outer raceway formed on the 
inner peripheral surface of the sleeve, 
a cylindrical bearing holder extending upwardly 
from a base of the spindle motor for accommodating 
the sleeve of the compound bearing device within 
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a vertical bore of the holder, and 
a rotor hub mounted on the larger diameter shaft 
portion of the shaft for journallng the rotor hub ro- 
tatably on the base, the spindle motor is character- 
ized in that 

an outer peripheral groove formed on the sleeve, 
and 

a squeezing ring having an inner diameter smaller 
than the outer diameter of the outer peripheral 
groove, wherein 

the squeezing ring is fit over the outer peripheral 
groove to elastically deform the sleeve inwardly to 
form a squeezed portion protruding inwardly be- 
tween the upper and lower row of outer raceways. 

[0016] A spindle motor in accordance with the sev- 
enth aspect of the present Invention comprises; 

the above described spindle motor of the second 
or fifth aspect wherein peripheral grooves of substan- 
tially the same width as that of the outer raceway formed 
on the inner peripheral surface of the outer ring are 
fonned at positions of the inner peripheral surface of the 
sleeve against which the outer ring of each bail bearing 
abut. 

(001 7] A spindle motor in accordance with the eighth 
aspect of the present invention comprises; 

one of any spindle motors of the first to sixth as- 
pect wherein the shaft and the rotor hub are formed in- 
tegrally with each other by employing the same material. 
[0016] A spindle motor in accordance with the ninth 
aspect of the present invention comprises; 

one of any spindle motors of the first to sixth as- 
pect wherein the balls are fonmed of ceramic material. 
[0019] A spindle motor In accordance with the tenth 
aspect of the present invention comprises; 

the third or sixth spindle motor wherein the outer 
diameter of the inner ring is identical with that of the larg- 
er diameter shaft portion of the stepped shaft, and the 
balls of the upper row are identical in their diameter with 
that of the balls of the lower row. 
[0020] The invention will now be described by way of 
example with reference to the accompanying drawings, 
in which: 

Fig. 1 is a vertical sectional view showing the spin- 
dle motor in accordance with the first embodiment 
of the present invention; 

Fig. 2 is an enlarged vertical sectional view showing 
the substantial part of Fig. 1 ; 
Fig. 3 is a vertical sectional view showing the spin- 
dle motor in accordance with the second embodi- 
ment of the present invention; 
Fig. 4 is a vertical sectional view showing the spin- 
die motor in accordance with the third embodiment 
of the present invention; 

Fig. 5 is a vertical sectional view showing the spin- 
dle motor in accordance with the fourth embodiment 
of the present invention; 
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Fig. 6 is a vertical sectional view showing the spin- 
dle motor in accordance with the fifth embodiment 
of the present invention; 

Fig. 7 is a plan view showing the squeezing ring; 
Fig. 8 is a vertical sectional view showing the spin- 
dle motor in accordance with the sixth embodiment 
of the present invention; 

Fig. 9 Is a vertical sectional view showing the spin- 
dle motor in accordance with the seventh embodi- 
ment of the present invention; 
Fig. 1 0 is a vertical sectional view showing the spin- 
dle motor in accordance with the eighth embodi- 
ment of the present invention; and 
Fig. 11 is a vertical sectional view showing the spin- 
dle motor of the prior art. 



[0021] A preferred embodiment of a spindle motor in 
accordance with the present invention wilt now be de- 
scribed in detail with reference to the concrete example 
20 Illustrated in the attached drawings. 

<The first ennbodiment> 

[0022] A spindle motor in accordance with the first 
25 embodiment of the present invention includes a cylindri- 
cal bearing holder 2 formed integrally with a base 1 , a 
bearing device 4 accommodated within a bore 3 extend- 
ing through the holder, and a shaft 5 fit and bonded at 
Its top end Into a central aperture 6a of a rotational mem- 
30 ber or a rotor hub 6 and joumalled rotatably through the 
bearing device 4 as shown in Figs. 1 and 2. 
[0023] The rotor hub 6 has a magnet or magnets 7 
mounted on the inner peripheral surface of a flange 6b 
depending downwardly from the outer periphery of the 
35 hub. The inner peripheral surface of the magnet or mag- 
nets 7 are faced opposite to the outer peripheral surface 
of a stator 8 mounted on the outer periphery of the bear- 
ing holder 2. 

[0024] The bearing device 4 includes a sleeve 9 and 
^0 upper and lower ball bearings 10, 11 accommodated 
within the sleeve. These bearings include inner rings 
10a. 11a, outer rings 10b, lib, balls 12a, 12b of ceramic 
material interposed between the inner and outer rings, 
and a spacer 13 interposed between bearings. 
45 [0025] The sleeve may be made of stainless steel, ce- 
ramic material, or synthetic resin. The Inner and outer 
rings of the ball bearings may be made for example of 
bearing steel. 

[0026] The central bore 3 of the bearing holder 2 has 
so on its Inner peripheral surface upper and lower larger 
inner diameter portions and a reduced thicker Inner di- 
ameter portion 3a disposed between the larger diameter 
portions. The inner diameter of the upper and lower larg- 
er inner diameter portions is substantially identical with 
55 or larger than the outer diameter of the sleeve 9. 

[0027] The inner diameter of the reduced inner diam- 
eter portion 3a is smaller than the outer diameter of the 
sleeve 9, so that the sleeve is adapted to be urged by 
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the reduced inner diameter portion 3a inwardly toward 
the center thereof to form a squeezed portion 9a pro- 
truding inwardly on the inner surface of the sleeve be- 
tween the outer rings 10b. 11b of the upper and lower 
ball bearings 10. 11 by the elastic deformation of the 
sleeve. 

[0028] The sleeve 9 has a shape of straight cylindrical 
configuration before assembling within the bearing hold- 
er 2. Upon assembled within the bearing holder 2, the 
sleeve is deformed by the reduced inner diameter por- 
tion 3a of the bearing holder 2 to fomi the squeezed por- 
tion 9a, and the upper and lower portions of the sleeve 
9 from the squeezed portion 9a Is drawn toward the 
squeezed portion 9a to shorten the axial length of the 
sleeve 9. 

[0029] The inner diameter of the reduced inner diam- 
eter portion 3a Is determined on the basis of the mate- 
rials employed for the sleeve 9 and the bearing holder 
2 and the threshold values of the increased tempera- 
ture. The amount of the deformation of the squeezed 
portion 9a should be within the elastic limit of the mate- 
rial of the sleeve, 

[0030] A pair of parallel upper and lower inner periph- 
eral grooves 14, 14 arc formed on the inner peripheral 
surface of the sleeve 9 at the positions to abut with the 
outer rings 10b, 11b of the upper and lower ball bear- 
ings. The width of each groove is substantially identical 
with that of the outer raceway of each outer ring. 
[0031] In Fig. 1 , an iron core of the stator is designated 
by the reference numeral 8a, energizing coils of the sta- 
tor is designated by the reference numeral 8b, a sealing 
piate of the ball bearing is designated by the reference 
numeral 15. a ball retainer is designated by the refer- 
ence numeral 16, and a cover of the bearing device Is 
designated by the reference numeral 17. 
[0032] In the spindle motor of the above described ar- 
rangement, the inner ring 10a of the ball bearing 10 is 
secured onto the shaft before assembling the bearing 
device 4 within the bore 3 of the bearing holder 2, where- 
as the Inner ring 11a of the lower ball bearing 11 is not 
secured so as to be slldably thereon. After Inserting the 
sleeve 9 into the bearing holder or after mounting the 
rotor hub 6 on the shaft 5, an appropriate pre-load is 
applied to the Inner ring 1 1 a of the lower ball bearing 1 1 
and the Inner ring 11a Is secured on the shaft by any 
means such as adhesive. 

[0033] The operation of the spindle motor arranged 
as set force above will now be described. 
[0034] The rotor hub 6 is adapted to be drove rota- 
tionally around the shaft while the electric powerfor driv- 
ing the motor is supplied to the coils 8b of the stator 8. 
[0035] Upon rising the temperature of the spindle mo- 
tor through the operation thereof, all of each component 
of the motor will expand themnally. In the case of the ball 
bearings 10, 11, the amount of expansion of the inner 
diameter of the outer rings 10b. lib is larger than that 
of the outer diameter of the inner rings 1 0a, 11 a so that 
the distance between the outer raceway of the outer 
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ring and the inner raceway of the inner ring of each ball 
bearing is enlarged. The amount of expansion of the di- 
ameter R of the balls 1 2a, 1 2b is smaller than that of the 
Inner and outer rings. Thus, the load applied to the balls 
5 through the contact with the rings is reduced. In other 
words, the components are defonned to reduce the pre- 
load. 

[0036] On the other hand, the amount of expansion of 
the inner diameter of the bore 3 of the bearing holder 

10 2 is larger than that of the outer diameter of the sleeve 
9. This means that while the temperature rises, the urg- 
ing pressure applied by the reduced inner diameter por- 
tion 3a of the bearing holder 2 against the sleeve 9 is 
reduced, and the sleeve Is tend to recover the original 

IS straight cylindrical shape thereof by the elastic property 
of the sleeve. Thus the amount of protrusion of the 
squeezed portion 9a is also reduced. Further, the sleeve 
extends axlally by the expansion thereof In the axial di- 
rection. Consequently, the axial spacing between the 

20 outer rings 1 0b , 1 1 b of the ball bearing is enlarged and 
the spacing D3 between the outer raceways of the outer 
rings is also enlarged. In other words, the sleeve will 
deform to increase the load applied by the inner and out- 
er rings to the ball, or to Increase pre-load to be applied 

25 to the balls. 

[0037] The reduction of the pre-load to be applied to 
the balls due to the augmentation of the distance be- 
tween the outer raceway of the outer ring and the Inner 
raceway of the inner ring of each ball t)earing will be 

30 cancelled by the augmentation of the pre-loading pres- 
sure to be applied to the balls due to the augmentation 
of the axial distance D3 between the outer raceways of 
the upper and lower outer rings. In this connection, the 
pre-load to be applied to the balls can be kept in an ap- 

35 propriate value. 

[0038] The outer raceways of the outer rings 1 0b, 1 1 b 
are protected from the over pressure generated upon 
urged the sleeve inwardly by the reduced inner diameter 
portion 3a of the bearing holder 2, since the inner pe- 

40 ripheral grooves 1 4, 1 4 are formed on the inner periph- 
eral surface of the sleeve 9. Further the defonnatlon of 
the outer raceways due to the pressurizatlon can also 
be inhibited. 

[0039] Consequently, the outer rings are adapted to 
45 contact constantly with the balls with an appropriate 
loading force, and the non-repeatable run out (NRRO) 
due to the deformation of the outer raceways of the outer 
rings can also be avoided. 



[0040] In the above mentioned first embodiment, the 
shaft 5 and the rotor hub 6 are f omied as separate mem- 
bers. However, these members can be formed integrally 
55 with each other by using the same material as in the 
second embodiment as shown in Fig. 3. 
[0041] In the spindle motor of the second embodi- 
ment, the following advantages can be obtained; the 



50 <Thc second embodlment> 
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number of parts is reduced, the operation for assem- 
bling the shaft 5 with the rotor hub 6 is not necessary on 
assembling the spindle motor, the adjustment process 
to be made during the assembling operation of the shaft 
with the rotor hub such as the centering process of the 
shaft is no longer required, and the number of steps re- 
quired on assembling the motor can also be reduced. 
[0042] The other structures or an^angements of the 
spindle motor of the second embodiment are Identical 
with those of the first embodiment. 

<The third embodiment> 

[0043] The spindle motor of the third embodiment 
shown In Fig. 4 includes a compound beahng device 20 
of a unique stmcture served as the bearing device for 
Joumaling the rotor hub 6. The concrete structure of the 
compound bearing device will now be described as fol- 
lows. 

[0044] In Fig. 4, the reference numeral 21 indicates a 
stepped shaft having a larger diameter shaft portion 21 a 
and a reduced diameter shaft portion 21b, and the ref- 
erence numeral 22 indicates a sleeve surrounding the 
stepped shaft. 

[0045] The stepped shaft has on its outer periphery of 
the larger diameter shaft portion 21a an inner raceway 
23a for the upper rowfomried directly thereon. An inner 
ring 24 including an inner raceway 23b for the lower row 
18 fit around the reduced diameter shaft portion 21 b. 
[0046] The sleeve 22 has on Its Inner peripheral sur- 
face a pair of parallel outer raceways 25a, 25b formed 
directly thereon. The sleeve 22 is adapted to sen^e as 
en outer ring In common with both upper and lower outer 
rows. Balls 26a for the upper row are interposed be- 
tween the outer raceway 25a of the upper row and the 
inner raceway 23a fonned on the larger diameter shaft 
portion 21 a of the stepped shaft. Balls 26b for the lower 
row are interposed between the outer raceway 25b of 
the lower row of the sleeve 22 and the inner raceway 
23b fonmed around the Inner ring. 
[0047] The balls 26a» 26b are fonned for example of 
ceramic material and has the same diameter. This is be- 
cause the outer diameter of the inner ring 24 Is made 
substantially the same as that of the larger diameter 
shaft portion 21 a of the stepped shaft. 
[0048] In the spindle motor of this third embodiment, 
the compound bearing device of the structure as men- 
tioned above Is employed so that the generic bearing 
device including the Inner and outer rings is no longer 
necessary. Further, the sleeve 22 Is served as an outer 
ring In common with both upper and lower bearing de- 
vice so that the number of parts can be reduced, the 
radial dimension of the larger diameter shaft portion 21 a 
can be enlarged by the sum of the thicknesses of the 
Inner and outer rings of the ball bearing, and the diam- 
eter of the reduced diameter shaft portion 21b can also 
be enlarged by the thickness of the outer ring of the ball 
bearing, i.e. the generally thick shaft can be obtained. 



[0049] Accordingly, the shaft 21 of higher rigidity, 
good at durability, inhibited in Its rotational run out. and 
good at quietness can be obtained. 
[0050] The other structures or arrangements of the 

5 spindle motor of the third embodiment are Identical with 
those of the first embodiment. 
[0051] Upon assembling the spindle motor of this third 
embodiment, the inner ring 24 Is fit slidably around the 
reduced diameter shaft portion 21 b of the stepped shaft 

10 21 to fonn a shaft-inner ring assembly, the sleeve 22 
and the balls 26a, 26b of the pair of rows are assembled 
with the shaft-Inner ring assembly, and the sleeve 22 Is 
Inserted into the through bore 3 of the bearing holder 2 
so as to abut the portion 3a of the bore against the sub- 

is stantially axlaliy central portion of the outer periphery of 
the sleeve 22. 

[0052] The sleeve is deformed at Its substantially cen- 
tral portion between the upper and tower outer raceways 
25a, 25b by the reduced Inner diameter portion 3a of the 

^ bearing sleeve 2 to form a squeezed portion 22a pro- 
truding Inwardly toward the center of the sleeve. The up- 
per and lower portions of the sleeve 9 from the squeezed 
portion 22a is drawn toward the squeezed portion to 
shorten the axial leng^ thereof, and the distance be- 
tween the outer raceways 25a. 25b is reduced. 
[0053] The inner diameter of the reduced Inner diam- 
eter portion 3a Is determined on the basis of the mate- 
rials employed for the sleeve 22 and the bearing holder 
2 and the threshold values of the increased tempera- 

30 ture. The amount of the defomiatlon of the squeezed 
portion 22a should be within the elastic limit of the ma- 
terial of the sleeve. 

[0054] Subsequently, the inner ring 24 is secured on 
the reduced diameter shaft portion 21b by any means 

35 such as adhesive with applying an appropriate pre-load 
to the inner ring 24 from the tower end surface thereof. 
[0055] Even for the spindle motor of this third embod- 
iment, the temperature risen through the operation of 
the spindle motor will expand each component of the 

^0 motor The amount of expansion of the Inner diameter 
of the sleeve 22 Is larger than that of the outer diameter 
of the stepped shaft 21 and the inner ring 24, and the 
amount of expansion of the balls 26a, 26b Is smaller 
than that of the stepped shaft and the Inner ring, so that 

45 the distance between the stepped shaft as well as the 
Inner ring and the sleeve is enlarged and the pre-load 
to be applied to the balls Is reduced. 
[0056] On the other hand, the amount of expansion of 
the Inner diameter of the bore 3 of the bearing holder 2 

so Is larger than that of the outer diameter of the sleeve 22. 
This means that the urging pressure applied by the re- 
duced inner diameter portion 3a against the sleeve 22 
will be reduced, and the sleeve is tend to recover the 
original straight cylindrical shape thereof by the elastic 

55 property of the sleeve. Further, the sleeve extends axl- 
aliy by the expansion thereof In the axial direction. Con- 
sequently, the axial spacing between the outer race- 
ways 25b, 25b of the sleeve 22 is enlarged, and the dls- 
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tance between the opposed inner and outer raceways 
of each row is reduced. In other words, the sleeve will 
be defomried to Increase the pre-load applied to the ball. 
[0057] The reduction of the pre-load to be applied to 
the balls due to the augmentation of the distance be- 
tween the stepped shaft or the inner ring and the sleeve 
will be cancelled by the augmentation of the pre-load to 
be applied to the balls due to the augmentation of the 
distance between the outer raceways. In this connec- 
tion, the pre-load to be applied to the bails can be kept 
in an appropriate value even in the event of Increasing 
the temperature. 

<The fourth embodiment> 

[0058] Although in the case of the spindle motor of the 
third embodiment, the stepped shaft 21 and the rotor 
hub 6 are f omned as separate members, these members 
may be fonmed Integrally with each other by the same 
material as in the fourth embodiment as shown in Fig. 5. 
[0059] In this fourth embodiment, the number of parts 
can be reduced In the same manner as In the second 
embodiment. Further, it is not necessary to assemble 
the shaft 21 with the rotor hub 6 during the assembling 
operation of the spindle motor. In this connection, the 
adjustment process to be made during assembling the 
shaft with the rotor hub such as the centering process 
of the shaft is no longer required, and the number of 
steps required on assembling the motor can also be re- 
duced. 

[0060] The other structure or arrangement of the spin- 
dle motor of this fourth embodiment is Identical with 
those of the third embodiment. 
[0061] In the spindle motor in accordance with the 
above described first to fourth embodiments, the 
sleeves 9, 22 are adapted to be urged inwardly by the 
reduced Inner diameter portion 3a fomned within the 
bore of the bearing holder 2. Another structure of the 
spindle motor Including a cylindrical bearing holder 2 
with no reduced inner diameter portion on the inner sur- 
face of the bore and having the straight bore without any 
steps and a squeezing ring 27 to be applied directly to 
the sleeve for defomiing the sleeve can be devised. The 
squeezing ring 27 will be described. The concrete ex- 
amples of such arrangement will now be described In 
the following fifth to eighth embodiments. 

<The fifth embodiment* 

[0062] In the spindle motor in accordance with the fifth 
embodiment as shown in Fig. 6, a sleeve 28 has an outer 
peripheral groove 29 fonned on Its outer peripheral sur- 
face. A squeezing ring 27 made for example of ceramic 
material is adapted to be press fit within the outer pe- 
ripheral groove 29. 

[0063] The outer peripheral groove 29 is fomied 
around the substantially axially central portion between 
the upper and lower outer rings 10b, lib fit within the 



sleeve. The depth of the groove is set to make the outer 
diameter of the squeezing ring 27 smaller than that of 
the sleeve. 

[0064] The press fit of the squeezing ring 27 within the 
5 outer peripheral groove 29 of the sleeve can be effected 
by making the inner diameter of the squeezing ring 
smaller than the outer diameter of the outer peripheral 
groove of the sleeve. The assembling operation can be 
facilitated by using a C-ring having a cut 27a as shown 
10 in Fig, 7 as the squeezing ring. 

[0065] The sleeve 28 exhibits a straight cylindrical 
configuration before press fitting the squeezing ring 27. 
Whereas after the squeezing ring Is fit into the groove, 
an inwardly protmdlng squeezed portion 30 is formed 
15 on the inner surface of the sleeve between the outer 
rings 10b. 11b of the ball bearings, and upper and lower 
portions of the sleeve are drawn toward the squeezed 
portion 30 and thus the axial length of the sleeve 28 is 
reduced. 

20 [0066] The inner diameter of the squeezing ring 27 is 
detemnined on the basis of the materials employed for 
the sleeve 28 and the bearing holder 2 and the threshold 
values of the increased temperature. The amount of the 
deformation of the squeezed portion 30 should be within 

2S the elastic limit of the material of the sleeve. 

[0067] Another an-angements of the spindle motor of 
this embodiment are the same as those of the first em- 
bodiment. 

[0068] Upon increased the temperature due to the 

30 driving of the spindle motor, all of each component of 
the motor will expand thennally. In the case of the ball 
bearings 10, 11, the amount of expansion of the inner 
diameter of the outer rings 10b, lib is larger than that 
of the outer diameter of the Inner rings 1 0a, 1 1a so that 

35 the distance between the raceways of the inner and out- 
er rings of each ball bearing is enlarged. The amount of 
expansion of the diameter R of the balls 12a, 12b is 
smaller than those of the inner and outer rings. Thus, 
the load applied to the balls through the contact with the 

40 rings is reduced. In other words, the components are 
defonned to reduce the pre-load. 
[0069] On the other hand, the amount of expansion of 
the Inner diameter of the bore of the squeezing ring 27 
Is also Increased in accordance with the rising of the 

45 temperature. This means that while the temperature Is 
increased, the urging pressure applied by the squeezing 
ring 27 against the sleeve 28 is reduced, and the sleeve 
is tend to recover the original straight cylindrical shape 
thereof by the elastic property of the sleeve. Thus the 

so amount of protrusion of the squeezed portion 30 is re- 
duced. Further, the sleeve extends axially by the expan- 
sion thereof in the axial direction. Consequently, the ax- 
ial spacing between the outer rings 1Gb, lib of the ball 
bearing is enlarged to make larger the spacing between 

55 the outer raceways of the outer rings. In other words, 
the sleeve is defonned to increase the load applied to 
the ball by the inner and outer rings, or to increase pre- 
load to be applied to the balls. 
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[0070] Consequently, the reduction of the pre-load 
app ^d to balls due to the enlargement of the spacing 
betv ;^*en the raceways of the inner and outer rings is 
canceiled by the augmentation of the pre-load applied 
to balls due to the enlargement of the spacing between 
the outer raceways of upper and lower outer rings. Thus 
an appropriate pre-load will be maintained to be applied 
to balls even If the temperature of the components Is 
Increased. 

<The sixth embodiment> 

[0071] Although In the case of the spindle motor of the 
above-mentioned fifth embodiment, the shaft 6 and the 
rotor hub 6 are fonmed as separate members, these 
members may be fomned Integrally with each other by 
utilizing the same material as In the sixth embodiment 
as shown In Fig. 8. 

[0072] In this sixth embodiment, the number of parts 
can be reduced in the same manner as in the second 
embodiment. Further, it Is not necessary to assemble 
the shaft 5 with the rotor hub 6 upon assembling the 
spindle motor. In this connection, the adjustment proc- 
ess to be made during the assembling operation of the 
shaft with the rotor hub such as the centering process 
of the shaft Is no longer required, and the number of 
steps required on assembling the motor can also be re- 
duced. 

[0073] The other structures or anrangements of the 
spindle motor of this sixth embodiment are Identical with 
those of the fifth embodiment. 

<The seventh embodjment> 

[0074] The spindle motor of the seventh embodiment 
shown in Fig. 9 includes a compound bearing device 20 
of unique structu re served as the bearing device for jour- 
nallng the rotor hub 6 In the same manner as in the 
above mentioned third embodiment. 
[0075] The compound bearing device 20 includes a 
stepped shaft 21 including a larger diameter shaft por- 
tion 21a and a reduced diameter shaft portion 21b, and 
a sleeve 31 for surrounding the stepped shaft. The larg- 
er diameter shaft portion 21 a has an Inner raceway 23a 
for the upper row formed directly around on Its outer pe- 
riphery. An Inner ring 24 having an Inner raceway 23b 
for the lower row is fit and secured around the reduced 
diameter shaft portion 21 b. 

[0076] The sleeve 31 has a pair of parallel outer race- 
ways 25a, 25b formed directly on the Inner peripheral 
surface thereof so that the sleeve 22 is served as an 
outer ring In common with both upper and lower bear- 
ings. Balls 26a are interposed between the outer race- 
way 25a of the upper row and the inner raceway 23a of 
the larger diameter shaft portion 21a of the stepped 
shaft, and balls 26b are interposed between the outer 
raceway 25b of the lower row of the sleeve 31 and the 
Inner raceway 23b of the inner ring. 
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[0077J The balls 26a. 26b are fomied for example of 
ceramic material and has the same diameter. This is be- 
cause the outer diameter of the inner ring 24 Is the same 
as that of the larger diameter shaft portion 21a of the 
stepped shaft. 

[0078] The sleeve 31 has an outer peripheral groove 
32 formed on its outer peripheral surface In the same 
manner as In the sleeve 28 of the above-mentioned fifth 
embodiment. A squeezing ring 27 formed for example 
of ceramic material is adapted to be press fit into the 
outer peripheral groove 32. 

[0079] The outer peripheral groove 32 is fonned on 
the sleeve at about the axially central portion between 
the outer raceways 25a, 25b. The depth of the outer pe- 
ripheral groove Is set so as to make the outer periphery 
of the squeezing ring 27 smaller than the outer diameter 
of the sleeve. 

[0080] The sleeve 31 exhibits a straight cylindrical 
configuration before press fitting the squeezing ring 27 
as in the fifth embodiment. Whereas after the squeezing 
ring is press fit into the groove, an inwardly protruding 
squeezed portion 33 is formed on the Inner surface of 
the sleeve between the outer raceways 25e, 25b. and 
upper and lower portions of the sleeve 31 are drawn to- 
ward the squeezed portion 33 and thus the axial length 
of the sleeve 28 is reduced. 

[0081] The Inner diameter of the squeezing ring 27 is 
detennlned on the basis of the materials employed for 
the sleeve 31 and the bearing holder 2 and the threshold 
values of the Increased temperature upon using. The 
amount of the defomriatlon of the squeezed portion 33 
formed on the sleeve 31 should be within the elastic limit 
of the material of the sleeve. 
[0082] Also in the spindle motor of this seventh em- 
bodiment, the compound bearing device of the structure 
as mentioned above is employed as In.the third embod- 
iment, so that the generic bearing device Including the 
Inner and outer rings is no longer necessary. Further, 
the sleeve 31 is sensed as an outer ring In common with 
both upper and lower bearing device so that the number 
of parts can be reduced, the radial dimension of the larg- 
er diameter shaft portion 21 a can be enlarged by the 
sum of the thicknesses of the Inner and outer rings of 
the ball bearing, and the diameter of the reduced diam- 
eter shaft porilon 21b can also be enlarged by the thick- 
ness of the outer ring of the bail bearing, I.e. the gener- 
ally thick shaft can be obtained. 
[0083] Accordingly, the stepped shaft of higher rigidi- 
ty, good at durability, inhibited In its rotational run out, 
and good at quietness can be obtained. 
[0084] The other structures or arrangements of the 
spindle motor of the seventh embodiment are identteal 
with those of the fifth embodiment. 
[0085] Even for the spindle motor of this seventh em- 
bodiment, each component of the motor will expand up- 
on rising the temperature of the spindle motor through 
the operation thereof. The amount of expansion of the 
inner diameter of the sleeve 31 Is larger than that of the 
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outer diameter of the stepped shaft 21 and the inner ring 
24. and the amount of expansion of the bails 26a, 26b 
is smaller than that of the stepped shaft and the Inner 
ring, so that the pre-load to be applied to the balls is 
reduced, and the distance between the stepped shaft 5 
as well as the inner ring and the sleeve is enlarged. 
[0086] On the other hand, upon rising the tempera- 
ture, the Inner diameter of the squeezing ring 27 is en- 
larged, the amount of urging pressure applied by the ring 
27 on the sleeve 31 Is decreased, the sleeve is tend to io 
recover its original straight cylindrical shape by relieving 
the elastic deformation, the amount of protrusion of the 
squeezed portion 33 into the sleeve is reduced, the 
sleeve is elongated axially by the effect of expansion 
thereof, the distance between the upper and lower outer 
raceways 25a, 25b is enlarged, the spacing between the 
opposing inner and outer raceways of each ball bearing 
is reduced, and the pre-load to be applied on the balls 
are increased. 

[0087] As can be seen from the above, the reduction so 
of the pre-load applied on the balls by the effect of en- 
larging the distance between the stepped shaft as well 
as the Inner ring and the sleeve might be cancelled by 
the augmentation of the pre-load applied on the balls by 
the effect of enlarging the distance between the upper 2S 
and lower outer raceways. Thus an appropriate pre-load 
can be maintained even if the rising of the temperature 
is caused. 

<The eighth embodjment> 30 

[0088] Although in the case of the spindle motor of the 
above-mentioned seventh embodiment, the stepped 
shaft 21 and the rotor hub 6 are formed as separate 
members, these members may befORDed integrally with 35 
each Other by utilizing the same material as in the eighth 
embodiment as shown in Fig. 10. 
[0089] In this eighth embodiment, the number of parts 
can be reduced in the same manner as In the fourth em- 
bodiment. Further, it is not necessary to assemble the 40 
shaft 21 with the rotor hub 6 upon assembling the spin- 
dle motor. In this connection, the adjustment process to 
be made during the assembling operation of the shaft 
with the rotor hub such as the centering process of the 
shaft is no longer required, and the number of steps re- 45 
quired on assembling the motor can also be reduced. 
[0090] The other structures or an^angements of the 
spindle motor of this eighth embodiment are Identical 
with those of the seventh embodiment. 
[0091] Although the balls of ceramic material are em- so 
ployed in the first to eighth embodiments for enhancing 
the durability thereof, balls of steel or other materials 
may also be used. 

[0092] The following advantages can be derived from 
the spindle motor of the above structure In accordance ss 
with the present invention. 

[0093] The sleeve surrounding the outer ring or that 
served as an outer ring in common with both upper and 



lower bearing device is urged inwardly by the reduced 
inner diameter portion formed on the Inner surface of 
the bore extending through the bearing holder or by the 
squeezing ring fit around the outer peripheral groove of 
the sleeve so as to fomn the squeezed portion. In this 
connection, upon rising the tennperature by the opera- 
tion of the motor, the spacing between the inner and out- 
er raceways is increased by the effect of the themial ex- 
pansion of the component of the motor. This may be 
cancelled by increasing the spacing between upper and 
lower raceways by the thenmal expansion of the sleeve 
and the force generated by the elastic recovery of the 
sleeve. In conclusion, the pressure applied on the balls 
by the contact with the inner and outer raceways or the 
pre-load on the balls can be maintained in a predeter- 
mined value. 

[0094] Consequently the spindle motor of the present 
Invention can keep the rotational speed in high accura- 
cy, can substantially prevent the natural frequency from 
varied, and can reduce the rotational run out and the 
noise accompanied therewith, even In the temperature 
thereof is Increased. 

[0095] In the embodiment of the spindle motor in 
which a bearing device includes a pair of upper and low- 
er ball bearings and peripheral grooves are fomried on 
the Inner peripheral surface of the sleeve, the overpres- 
sure generated in the direction from the outer raceway 
of the outer ring toward the balls by the deformation of 
the sleeve or the rotor hub through the effect of the var- 
iation of the temperature will be dispersed by the periph- 
eral grooves. Consequently, there are substantially no 
possibility to apply excessive load on the balls, or to de- 
fonn the outer raceway of the outer ring. Th us the steady 
rotation with alnrK>st no run out can be retained. 
[0096] The spindle motor of longer lifetime can be ob- 
tained by using balls of ceramic material. This is be- 
cause the durability of the ceramic material is greater 
than the steel. 

[0097] While particular embodiments of the present 
Invention have been illustrated and described, it should 
be obvious to those skilled in the art that various chang- 
es and modifications can be made without departing 
from the spirit and scope of the invention. 



Claims 

1 . A spindle motor comprising: 

a double row bearing device (4) including a 
shaft (5), a sleeve (9) surrounding the shaft (5), 
and a pair of upper and lower rows of balls (1 2a, 
12b), 

a cylindrical bearing holder (2) extending up- 
wardly from a base (1) of the spindle motor for 
accommodating the sleeve (9) within a vertical 
bore (3) of the holder (2). and 
a motor hub (6) mounted on the shaft (5) for 
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joumaling the rotor hub (6) rotalably on the 
base (1 ). characterized in that:- 

a reduced Inner diameter portion (3a) of 
an Inner diameter smaller that the outer diam- 
eter of the sleeve (9) is fonned on the inner sur- 5 
face of the bore (3) of the bearing holder (2) 
between the upper and lower larger inner diam- 
eter portions to urge the sleeve (9) inwardly by 
the reduced inner diameter portion {3a) to de- 
form it elastlcally to form a squeezed portion io 
(9a) protruding inwardly of the sleeve (9) be- 
tween the upper and lower rows of balls (1 0,11 ). 

2. A spindle motor comprising: 



15 

a double row bearing device (4) including a 
shaft (5), a sleeve (9) surrounding the shaft (5), 
and a pair of upper and lower rows of ball bear- 
ings (10,11) interposed between the shaft (5) 
and the sleeve (9), each ball bearing (10,11) 20 
has an inner ring (10a, 11a) and an outer ring 
(1 Ob, 1 1 b) and balls (1 2a, 1 2b) interposed ther- 
ebetween, 

a cylindrical bearing holder (2) extending up- 
wardly from a base (1 ) of the spindle motor for 25 
accommodating the sleeve (9) of the double 
row bearing device (4) within a vertical bore (3) 
of the holder (2), and 

a motor hub (6) mounted on the shaft (5) for 
joumaling the rotor hub (6) rotatably on the 30 
base (1). characterized in that:- 

a reduced Inner diameter portion (3a) of 
an inner diameter smaller than the outer diam- 
eter of the sleeve (9) is formed on the inner sur- 
face of the bore (3) of the bearing holder (2) 35 
between the upper and lower larger inner diam- 
eter portions to urge the sleeve (9) inwardly by 
the reduced inner diameter portion (3a) to de- 
fonn it elastlcally to form a squeezed portion 
(9a) protruding inwardly of the sleeve (9) be- ^ 
tween the upper and lower outer rings (10b, 
lib). 

3. A spindle motor comprising: 

45 

a stepped shaft (21) having a larger diameter 
shaft portion (21a) and a reduced diameter 
shaft portion (21 b), 

a compound bearing device (20) including; 
a sleeve (22) surrounding the stepped shaft so 
(21 ) and including a pair of upper and lower par- 
allel outer raceways or grooves (25a, 25b), 
balls (26a) of the upper row disposed between 
an Inner raceway or groove (23a) fonned direct- 
ly on the outer periphery of the larger diameter 55 
shaft portion (21 a) of the stepped shaft (21 ) and 
the upper row of outer raceway (25a) formed 
on the inner peripheral surface of the sleeve 



(22), and 

balls (26b) of the lower row disposed between 
an inner raceway (23b) formed on an inner ring 
(24) fit around the reduced diameter shaft por- 
tion (21b) of the stepped shaft (21 ) and the low- 
er row of outer raceway (26b) formed on the In- 
ner peripheral surface of the sleeve (22), 
a cylindrical bearing holder (2) extending up- 
wardly from a base (1 ) of the spindle motor for 
accommodating the sleeve (22) of the com- 
pound bearing device (20) within a vertical bore 
(3) of the holder (2), and 
a rotor hub (6) mounted on the larger diameter 
shaft portion (21a) of the shaft (21) for joumal- 
ing the rotor hub (6) rotatably on the base (1), 
characterized in that:- 

a reduced Inner diameter portion (3a) of 
an inner diameter smaller than the outer diam- 
eter of the sleeve (22) is formed on the inner 
surface of the bore (3) of the bearing holder (2) 
between the upper and lower larger inner diam- 
eter portions to urge the sleeve (22) inwardly 
by the reduced Inner diameter portion (3a) to 
defonn it elastlcally to form a squeezed portion 
(22a) protruding inwardly of the sleeve (22) be- 
tween the upper and lower outer raceways 
(25a.25b). 

4. A spindle motor comprising: 

a double row bearing device (4) including a 
shaft (5), a sleeve (28) surrounding the shaft 
(5). and a pair of upper and lower rows of bails 
(12a. 12b). 

a cylindrical bearing holder (2) extending up- 
wardly from a base (1 ) of the spindle motor for 
accommodating the sleeve (28) within a vertical 
bore (3) of the holder (2), and 
a rotor hub (6) mounted on the shaft (5) for jour- 
naiing the rotor hub (6) rotatably on the base 
(1). characterized in that:. 

an outer peripheral groove (29) is fonned 
on the sleeve (28), and 
a squeezing ring (27) Is provided having an 
inner diameter smaller than the outer diam- 
eter of the outer penpheral groove (29), 
wherein 

the squeezing ring (27) is fit over the outer 
peripheral groove (29) to elastlcally deform 
the sleeve (28) inwardly to forni a 
squeezed portion (30) protruding Inwardly 
between the upper and lower rows of balls 
(12a, 12b). 

5. A spindle motor comprising: 

a double row bearing device (4) Including a 
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Shaft (5): a sleeve (28) surrounding the shaft 
(5), and a pair of upper and lower rows of ball 
bearings (10,11) Interposed between the shaft 
(5) and the sleeve (28). each ball bearing 
(10,11) has an inner ring (10a,11a) and outer s 
ring (10b.11b) and bails (12a.12b) interposed 
therebetween, 

a cylindrical bearing holder (2) extending up- 
wardly from a base (1 ) of the spindle motor for 
accommodating the sleeve (26) of the double io 
row bearing device (4) within a vertical bore (3) 
of the holder (2), and 

a motor hub (6) mounted on the shaft (28) for 
joumaiing the rotor hub (6) rotably on the base 
(1 ) characterized in that:- is 



ing the rotor hub (6) rotatabty on the base (1). 
characterized in that:- 

an outer peripheral groove (32) is formed 
on the sleeve (31). and 
a squeezing ring (27) is provided having an 
inner diameter smaller than the outer diam- 
eter of the outer peripheral groove (32), 
wherein 

the squeezing ring (27) is fit over the outer 
peripheral groove (32) to elastically deform 
the sleeve (31) Inwardly to torn a 
squeezed portion (33) protruding inwardly 
between the upper and lower rows of outer 
raceways (25a,25b). 



an outer peripheral groove (29) is fonned 

on the sleeve (28). and 

a squeezing ring (27) is provided having an 

Inner diameter smallerthan the outer diam- ^ 

eter of the outer peripheral groove (29), 

wherein 

the squeezing ring (27) is fit over the outer 
peripheral groove (29) to elastically deform 
the sleeve (28) Inwardly to fomrt a 2s 
squeezed portion (30) protruding inwardly 
between the upper and lower rows of outer 
rings (IOb.1 lb). 

6. A spindle motor comprising: 30 

a stepped shaft (2 1 ) including a larger diameter 
shaft portion (21a) and a reduced diameter 
shaft portion (21 b), 

a compound bearing device (20) including, 35 
a sleeve (31) surrounding the stepped shaft 
(21 ) and including a pair of upper and lower par- 
allel outer raceways or grooves (25a,25b), 
balls (26a) of the upper row disposed between 
an inner raceway or groove (23a) fonned direct- 40 
ly on the outer periphery of the larger diameter 
shaft portion (21a) of the stepped shaft (21 ) and 
the upper row of outer raceway (25a) tomied 
on the Inner peripheral surface of the sleeve 
(31). and 45 
balls (26b) of the lower row disposed between 
an inner raceway (23b) fomied on an inner ring 
(24) fit around the reduced diameter shaft por> 
tion (21 b) of the stepped shaft (21 ) and the low- 
er row of outer raceway (25b) formed on the In- so 
ner peripheral surface of the sleeve (31), 
a cylindrical bearing holder (2) extending up- 
wardly from a base (1 ) of the spindle motor for 
accommodating the sleeve (31) of the com- 
pound bearing device (20) within a vertical bore 55 
(3) of the holder (2). and 
a rotor hub (6) mounted on the larger diameter 
shaft portion (21 a] of the shaft (21 ) for joumal- 



7. The spindle motor as claimed In claim 2 or 5, where- 
in peripheral grooves (29) of substantially the same 
width as thai of the outer raceway (25a,25b) fonned 
on the inner peripheral surface of the outer ring 
(10a, 10b) are fonned at positions of the inner pe- 
ripheral surface of the sleeve (9;28) against which 
the outer ring (10a, 1 0b) of each ball bearing (10,11) 
abut. 

8. The spindie motor as claimed in any preceding 
claim, wherein the shaft (5;21 ) and the rotor hub (6) 
are fonned integrally with each other by employing 
the same material. 

9. The spindle motor as claimed in any preceding 
claim, wherein the balls (12a. 12b) are fonned of 

ceramic material. 

10. The spindie motor as claimed In claims or 6, where- 
in the outer diameter of the inner ring (24) is Identi- 
cal with that of the larger diameter shaft portion 
(21a) of the stepped shaft (21). and the balls (26a) 
of the upper row are Identical in their diameter with 
that of the balls (26b) of the lower row. 
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(54) Spindle motor 



(57) A spindle motor comprises a double row bear- 
ing device (4) including a shaft (5), a sleeve (9) sur- 
rounding the shaft (5), and a pair of upper and (ower 
rows of balls (12a.12b). A cylindrical bearing holder (2) 
extends upwardly from a base (1) of the spindle motor 
for accommodating the sleeve (9) within a vertical bore 
(3) of the holder (2). and a rotor hub (6) is mounted on 
the shaft (5) for Joumaling the rotor hub (6) rotably on 



the base (1). A reduced Inner diameter portion (3a) of 
an inner diameter smaller than the outer diameter of the 
sleeve (9) Is formed on the inner surface of the bore (3) 
of the bearing holder (2) between the upper and lower 
larger inner diameter portions to urge the sleeve (9) in- 
wardly by the reduced inner diameter portion (3a) to de- 
fomn it etastically to form a squeezed portion (9a) pro* 
truding inwardly of the sleeve (9) between the upper and 
lower rows of balls (12a,12b). 
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